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(57) ABSTRACT

The present technology 1s related generally to a switching
mode power supply with virtual current sensing. The switch-
ing mode power supply comprises a power stage that includes
a first power switch and a second power switch coupled 1n
series. The switching mode power supply senses a first cur-
rent flowing through the first power switch during on-time
and provides a virtual current sense signal that 1s proportional
to a second current flowing through the second power switch
during on-time. The switching mode power supply further
combines the real current sense signal and the virtual current
sense signal to form a current sense signal, which 1s sent to the
controller to realize desired control.
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SWITCHING MODE POWER SUPPLY WITH
VIRTUAL CURRENT SENSING AND
ASSOCIATED METHODS

TECHNICAL FIELD

The present technology relates generally to switching
mode power supplies; more particularly, the present technol-
ogy relates to techniques of current sensing for switching
mode power supplies.

BACKGROUND

Current control schemes are widely used 1n switching
mode power supplies. Switching mode power supplies with
adaptive voltage position (“AVP”) or over current protection
(OCP) need to accurately sense an output current. AVP 1s one
way to meet strict transient requirements on switching mode
power supplies. The basic principle of the AVP control
scheme 1s 1llustrated in FIG. 1, in which the ordinate repre-
sents an output voltage V ,, and the abscissa represents an
output current I ,. It 1s believed that the relationship between
the output voltage V , and the output current I, 1s as follows:

Vo=VserR*I5 (1)

where the coellicient R represents the variation slope, and
both V,.-and R are constant.

The AVP current loop 1s fast with respect to the outer
voltage loop 1n the system so that 1t creates an output resis-
tance and keeps the system stable. Prior art AVP control
senses the output current by sensing the inductor direct cur-
rent resistance (“DCR”™) current. FIG. 2A illustrates one
inductor DCR current sensing method 1n accordance with the
prior art. As shown 1 FIG. 2A, the switching mode power
supply senses the inductor current by a capacitor C. and a
resistor R . connected to an inductor L and 1ts DCR as shown.
When the time constant of C xR . matches the time constant
of L/DCR, the voltage of capacitor 1s equal to the voltage
across the DCR, 1.e., V ..=1, xDCR. Because the DCR can be
obtained when the inductor 1s selected, the needed inductor
current 1s proportional to V /DCR.

However, the controller of such switching mode power
supply needs two pins to recerve the sensed current. In addi-
tion, the sensed current can be affected by the DCR at varied
temperatures. FIG. 2B 1llustrates wavetorms of the inductor
DCR current I, the sample pulses S ;. and the sensed
current I 1n a switching mode power supply that uses middle
current sensing. The middle current sensing technique senses
the current by sampling the current 1n the midpoint of the
low-side power switch on time and holding the sampled cur-
rent until the next cycle. The current 1n the midpoint of the
low-side power switch on time 1s the average inductor DCR
current, or the output current. However, the sample-and-hold
process generates a large delay in the feedback loop that can
degrade transient performance.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 illustrates a principle of AVP control 1in accordance
with the prior art.

FI1G. 2 A 1llustrates a schematic circuit of a prior art switch-
ing mode power supply with AVP control.

FIG. 2B 1llustrates schematic wavetorms of an inductor
DCR current, sample pulses, and a sensed current in a prior art
switching mode power supply that uses middle current sens-
ing.
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FIG. 3 1llustrates a schematic circuit of a switching mode
power supply i accordance with an embodiment of the

present technology.

FIG. 4 1llustrates a schematic waveform of a current sense
signal and driving signals 1n a switching mode power supply
in accordance with an embodiment of the present technology.

FIG. 5 illustrates a schematic circuit of a switching mode
power supply in accordance with an embodiment of the
present technology.

FIG. 6 1llustrates a schematic circuit of a switching mode
power supply 1in accordance with an embodiment of the
present technology.

FIG. 7 illustrates a schematic wavelorm of a current sense
signal and driving signals in the switching mode power sup-
ply 1n accordance with an embodiment of the present tech-
nology.

FIG. 8 illustrates a schematic circuit of a switching mode
power supply i accordance with an embodiment of the
present technology.

FIG. 9 1s a flowchart that 1llustrates a method used 1n a
switching mode power supply in accordance with an embodi-
ment of the present technology.

DETAILED DESCRIPTION

Various embodiments of circuits for switching mode
power supplies with improved current sensing are described
in detail herein. In the following description, some specific
details, such as example circuits, are included to provide a
thorough understanding of embodiments of the technology.
One skilled 1n the relevant art will recognize, however, that
the technology can be practiced without one or more specific
details described below with reference to FIGS. 3-9.

FIG. 3 illustrates a schematic circuit of a switching mode
power supply 100 1n accordance with an embodiment of the
present technology. As shown 1n FIG. 3, the switching mode
power supply 100 comprises a power stage. In one embodi-
ment, the power stage comprises a high-side power switch
101 and a low-side power switch 102 coupled 1n series. In
other embodiments, the power stage can include inductors,
capacitors, and/or other suitable components.

The switching mode power supply 100 also includes a real
current sense circuit 103 configured to monitor a current
flowing through the low-side power switch 102 during a
low-side power switch on time. The real current sense circuit
103 has an iput terminal and an output terminal. The 1nput
terminal 1s coupled to the low-side power switch 102, and the
real current sense circuit 103 provides a real current sense
signal at the output terminal. The real current sense signal
represents the current flowing through the low-side power
switch 102 during the low-side power switch on time.

The switching mode power supply 100 also includes a
virtual current sense circuit 105 configured to monitor a cur-
rent flowing through the high-side power switch 101 during a
high-side power switch on time. The virtual current sense
circuit 105 provides a virtual current sense signal that i1s
related to the current flowing through the high-side power
switch 101 during the high-side power switch on time. In one
embodiment, the virtual current sense circuit 105 includes a
current source 10 that provides the virtual current sense sig-
nal, and the switching mode power supply 100 further com-
prises a resistor 110 that 1s configured to set the current value
[, of the current source 10. In other embodiments, the virtual
current sense circuit 105 can include other suitable compo-
nents.

A sense capacitor 107 1s coupled to the real current sense
circuit 103 and the virtual current sense circuit 105 to recerve
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the real current sense signal during the low-side power switch
on time and the virtual current sense signal during the high-
side power switch on time. Based, at least in part, on the real
current sense signal and the virtual current sense signal, the
sense capacitor 107 provides a current sense signal I.. In one
embodiment, the switching mode power supply 100 further
comprises a lirst sense switch 104 for coupling the real cur-
rent sense signal to the sense capacitor 107 during the low-
side power switch on time, and a second sense switch 106 for
coupling the virtual current sense signal to the sense capacitor
107 during the high-side power switch on time. In other
embodiments, the first and/or second sense switch 104 and
106 may be omitted and/or replaced with other suitable com-
ponents.

As shown 1n F1G. 3, a controller 108 1s coupled to the sense
capacitor 107 to recerve the current sense signal I, and, based
on the current sense signal 1., provides a control signal. The
switching mode power supply 100 further includes a driver
109 that receives the control signal from the controller 108,
and, based on the control signal, that provides a driving signal
to the power stage.

During operation, when the low-side power switch 102 1s
on, and the high-side power switch 101 1s off, the first sense
switch 104 1s on, and the second sense switch 106 1s off. Then
the real current sense circuit 103 provides the real current
sense signal to the sense capacitor 107. As a result, the voltage
across the sense capacitor 107 decreases linearly as the cur-
rent flowing through the low-side power switch 102
decreases. Thus, the current sense signal 1. follows the current
flowing through the low-side power switch 102 during this
low-side power switch on time. When the high-side power
switch 101 1s on, and the low-side power switch 102 1s off, the
first sense switch 104 1s off, and the second sense switch 106
1s on. Then the current source 10 charges the sense capacitor
1077, and thus the voltage across the sense capacitor 107, 1.e.,
the current sense signal 1. increases linearly from the current
value I, during this high-side power switch on time. The
current sense signal I and the driving signals of the high-side
power switch and the low-side power switch are shown in
FIG. 4.

In certain embodiments, the current sense signal 1. may be
formed by the real current flowing through the low-side
power switch 102 and the virtual current flowing through the
high-side power switch 101. The real current tlowing through
the low-side power switch 102 1s sensed by the real current
sense circuit 103, and the virtual current flowing through the
high-side power switch 101 1s sitmulated by the virtual current
sense circuit 105. Then the current sense signal 1.1s sent to the
controller 108 to realize a desired control technique, such as
AVP control, OCP control, and/or other suitable control tech-
niques.

As shown 1 FIG. 4, the current sense signal I has a
maximal magnitude I, , ., and a minimum magnitude I, ...
so a slew rate of the virtual current flowing through the high-
side power switch 102 may be calculated as follows:

di
Em

(2)

{ peak — ! valley

lonHS

where t_ -, represents the on time period of the high-side
power switch 101.

FI1G. 3 illustrates a schematic circuit of a switching mode
power supply 200 having a virtual current sense circuit 205
that realizes the above function (2) in accordance with an
embodiment of the technology. Specifically, 1n the 1llustrated
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embodiment, the switching mode power supply 200 com-
prises a power stage having a high-side power switch 201 and
a low-side power switch 202 coupled 1n series. A real current
sense circuit 203 1s configured to monitor a current flowing,
through the low-side power switch 202 during a low-side
power switch on time. The real current sense circuit 203 has
an 1mput terminal and an output terminal. The input terminal
1s coupled to the low-side power switch 202, and the real
current sense circuit 203 provides a real current sense signal
at the output terminal. The real current sense signal represents
a current tlowing through the low-side power switch 202
during the low-side power switch on time.

The virtual current sense circuit 203 1s configured to moni-
tor a current flowing through the high-side power switch 201

during a high-side power switch on time, and the virtual
current sense circuit 205 provides a virtual current sense
signal in response to the maximal magnitude I .~ , -, minimum
magnitude I, ;... and the high-side power switch on time
t ..o In one embodiment, the switching mode power supply
200 further comprises a first sense switch 204 for coupling the
real current sense signal to the sense capacitor 207 during the
low-side power switch on time; and a second sense switch 206
for coupling the virtual current sense signal to the sense
capacitor 207 during the high-side power switch on time.

A sense capacitor 207 1s coupled to the real current sense
circuit 203 and the virtual current sense circuit 205 to recerve
the real current sense signal during the low-side power switch
on time and the virtual current sense signal during the high-
side power switch on time, and, based on the real current
sense signal and the virtual current sense signal, provides the
current sense signal I.. A controller 208 1s coupled to the
sense capacitor 207 to recerve the current sense signal I, and,
based on the current sense signal I, that provides a control
signal; and a driver 209 that recerves the control signal from
the controller 208, and based on the control signal, that pro-
vides a driving signal to the power stage.

During the on time of the low-side power switch 202, the
real current sense circuit 203 provides the real current sense
signal to the sense capacitor 207, and provides the maximal
magnitude I ... , ., which represents the peak magnitude ot the
current tlowing through the low-side power switch 202, the
minimum magnitude I, ;. ., which represents the valley mag-
nitude of the current tlowing through the low-side power
switch 202, and the high-side power switch on time t to the
virtual current sense circuit 205. Thus, during the high-side
power switch on time, the virtual current sense circuit 2035
executes equation (2) to obtain a slew rate

di
E{.

Then the slew rate 1s used to calculate the virtual current
flowing through the high-side power switch 201, which 1s
then delivered to the sense capacitor 207 to obtain the current
sense signal I.. The current sense signal I then 1s sent to the
controller 208 to realize a desired control, such as AVP con-
trol, OCP control, and/or other suitable control techniques.
FIG. 6 illustrates a schematic circuit of a switching mode
power supply 300 1n accordance with an embodiment of the
present technology. As shown 1n FIG. 6, the switching mode
power supply 300 comprises a power stage that comprises a
high-side power switch 301 and a low-side power switch 302
coupled 1n series; and a real current sense circuit 303 config-
ured to monitor a current flowing through the high-side power
switch 301 during a high-side power switch on time. The real
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current sense circuit 303 has an input terminal and an output
terminal. The input terminal 1s coupled to the high-side power
switch 301, and the real current sense circuit 303 provides a
real current sense signal at the output terminal, which repre-
sents the current flowing through the high-side power switch
301 during the high-side power switch on time period.

The switching mode power supply 300 also includes a
virtual current sense circuit 305 configured to monitor the
current flowing through the low-side power switch 302 dur-
ing a low-side power switch on time. The virtual current sense
circuit 305 provides a virtual current sense signal that is
related to the current flowing through the low-side power
switch 302 during the low-side power switch on time. A sense
capacitor 307 1s coupled to the real current sense circuit 303
and the virtual current sense circuit 303 to recerve the real
current sense signal during the high-side power switch on
time and the virtual current sense signal during the low-side
power switch on time. Based on the real current sense signal
and the virtual current sense signal, the sense capacitor 307
provides a current sense signal I.. A controller 308 1s coupled
to the sense capacitor 307 to recerve the current sense signal
I, and, based on the current sense signal I, provides a control
signal. The switching mode power supply 300 further
includes a driver 309 that receives the control signal from the
controller 308, and, based on the control signal, that provides
a driving si1gnal to the power stage.

In one embodiment, the switching mode power supply 300
turther comprises a {irst sense switch 304 coupling the real
current sense signal to the sense capacitor 307 during the
high-side power switch 301 on time; and a second sense
switch 306 coupling the virtual current sense signal to the
sense capacitor 307 during the low-side power switch 302 on
time. In one embodiment, the virtual current sense circuit 305
includes a current source 30 that provides the virtual current
sense signal. In one embodiment, the switching mode power
supply 300 further comprises a resistor 310 that 1s configured
to set the current value I, of the current source 30.

In contrast to the switching mode power supply 100 (FIG.
3), the switching mode power supply 300 recerves the induc-
tor current information by sensing the real current flowing
through the high-side power switch 301, and providing the
virtual current flowing through the low-side power switch
302. Specifically, during operation, when the high-side power
switch 301 1s on, and the low-side power switch 302 1s off, the
first sense switch 304 1s on, and the second sense switch 306
1s off. Then the real current sense signal 1s delivered to the
sense capacitor 307. Thus, the voltage across the sense
capacitor 307 increases linearly as the current flowing
through the high-side power switches 301 increases, 1.¢., the
current sense signal I . follows the current tlowing through the
high-side power switch 301 during this high-side power
switch on time period.

When the low-side power switch 302 1s on, and the high-
side power switch 301 1s off, the first sense switch 304 1s off,
and the second sense switch 306 1s on. Then the sense capaci-
tor 307 1s discharged by the current source 30, and thus the
voltage across the sense capacitor 307, 1.¢., the current sense
signal I decreases linearly from the current value I, during
this low-side power switch on time. The current sense signal
I. and the driving signals of the high-side power switch 301
and the low-side power switch 302 are shown 1n FIG. 7. As a
result, the current sense signal 1. 1s formed by the real current
flowing through the high-side power switch 301 and the vir-
tual current flowing through the low-side power switch 302.
The real current flowing through the high-side power switch
301 1s sensed by the real current sense circuit 303, and the
virtual current flowing through the low-side power switch
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302 1s simulated by the virtual current sense circuit 305. Then
the current sense signal I 1s transmitted to the controller 308
to realize a desired control technique, such as AVP control,
OCP control, and/or other suitable control techniques.

As shown 1n FIG. 7, the current sense signal I, has a
maximal magnitude I 4z, and a minimum magnitude I, ;...

so a slew rate of the virtual current sense signal may be
calculated as follows:

ﬁ N Ipfak — fva!!ey (3)
dt N I
where t_ .. represents the on time period of the low-side

power switch 302.

FIG. 8 illustrates a schematic circuit of a switching mode
power supply 400 that 1s comprised of a virtual current sense
circuit 405 that realizes the above function (3) 1n accordance
with an embodiment of the technology. Specifically, the
switching mode power supply 400 1s comprised of a power
stage that comprises a high-side power switch 401 and a
low-side power switch 402 coupled 1n series. A real current
sense circuit 403 1s configured to monitor a current tlowing
through the high-side power switch 401 during a high-side
power switch on time. The real current sense circuit 403 has
an mput terminal and an output terminal, and the 1input termi-
nal 1s coupled to the high-side power switch 401. The real
current sense circuit 403 provides a real current sense signal
at the output terminal, which represents the current flowing
through the high-side power switch 401 during the high-side
power switch on time.

The switching mode power supply 400 also includes a
virtual current sense circuit 405 configured to monitor a cur-
rent flowing through the low-side power switch 402 during a
low-side power switch on time. The virtual current sense
circuit 405 provides a virtual current sense signal 1n response
to the maximal magnitude I 4z, minimum magnitude I, .., .
and the low-side power switch on time t__ ;.. A sense capaci-
tor 407 1s coupled to the real current sense circuit 403 and the
virtual current sense circuit 405 to recerve the real current
sense signal during the high-side power switch on time and
the virtual current sense signal during the low-side power
switch on time. Based on the real current sense signal and the
virtual current sense signal, the sense capacitor 407 provides
the current sense signal 1. to a controller 408 that 1s coupled to
the sense capacitor 407. Based on the current sense signal I,
the controller 408 provides a control signal to a driver 409 that
receives the control signal from the controller 408, and, based
on the control signal, provides a driving signal to the power
stage. In one embodiment, the switching mode power supply
400 further comprises a first sense switch 404 for coupling the
real current sense signal to the sense capacitor 407 during the
high-side power switch 401 on time; and a second sense
switch 406 for coupling the virtual current sense signal to the
sense capacitor 407 during the low-side power switch on
time.

During the on time of the high-side power switch 401, the
real current sense circuit 403 provides the real current sense
signal to the sense capacitor 407, and provides the maximal
magnitude I .. , .-, which represents the peak magnitude of the
current tlowing through the high-side power switch 401, the
minimum magnitude I, ;. ., which represents the valley mag-
nitude of the current flowing through the high-side power
switch 401, and the low-side power switchon timet__, .tothe
virtual current sense circuit 405. Thus, during the low-side
power switch on time, the virtual current sense circuit 403




US 8,836,304 B2

7

executes equation (3) to obtain a slew rate. Then the slew rate
1s used to calculate the virtual current flowing through the
low-side power switch 402, which 1s further delivered to the
sense capacitor 407 to get the current sense signal I.. The
current sense signal 1. then 1s transmitted to the controller 408
to realize a desired control technique, such as AVP control,
OCP control, and/or other suitable control techniques.

The switching mode power supply 100/200/300/400 1llus-
trated hereinbetfore adopts a first sense switch to couple a real
current sense signal to a sense capacitor during a first power
switch (e.g., the high-side power switch) on time, and a sec-
ond sense switch to couple a virtual current sense signal to the
sense capacitor during the second power switch (e.g., the
low-side power switch) on time. However, in other embodi-
ments, a switching mode power supply may only adopt a
select switch (not shown) that couples the real current sense
signal to the sense capacitor during the first power switch on
time and the virtual current sense signal to the sense capacitor
during the second power switch on time. The operation of the
switching mode power supply adopting a select switch 1s
similar to the switching mode power supply 100/200/300/400
illustrated hereinbetore.

FI1G. 9 1llustrates a flowchart 500 that illustrates a method
used 1n a switching mode power supply comprised of a power
stage 1ncluding a first power switch and a second power
switch coupled 1n series 1n accordance with an embodiment
of the present technology. As shown in FIG. 9, the method
comprises: block 501, providing a real current sense signal
that represents a current flowing through the first power
switch during a first power switch on time; block 502, pro-
viding a virtual current sense signal that 1s related to a current
flowing through the second power switch during a second
power switch on time; block 503, combining the real current
sense signal and the virtual current sense signal to form a
current sense signal; block 504, providing the current sense
signal to a controller to generate a control signal, and wherein
the controller provides the control signal to the power stage.
In one embodiment, the virtual current sense signal 1s set by
a resistor. In one embodiment, the method further comprises
providing (1) a maximal magnitude that represents a peak
magnitude of the current flowing through the first power
switch current, (2) a minimum magnitude I, ;.. that repre-
sents the valley magnitude of the current flowing through the
first power switch current, and (3) an on time signal of the
second power switch. The virtual current sense signal 1s cal-
culated by executing the maximum signal, the minimum
magnitude and the on time signal with a mathematic function.

From the foregoing, it will be appreciated that specific
embodiments of the technology have been described herein
for purposes of illustration, but that various modifications
may be made without deviating from the disclosure. In addi-
tion, many of the elements of one embodiment may be com-
bined with other embodiments 1n addition to or in lieu of the
clements of the other embodiments. Accordingly, the disclo-
sure 1s not limited except as by the appended claims.

We claim:

1. A switching mode power supply, comprising:

a power stage comprising a first power switch and a second
power switch coupled 1n series;

a real current sense circuit configured to monitor a current
flowing through the first power switch during a first
power switch on time, wherein the real sense circuit has
an mput terminal and an output terminal, and wherein
the mput terminal 1s coupled to the first power switch,
and wherein the real current sense circuit 1s configured
to provide a real current sense signal at the output ter-
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minal, the real current sense signal corresponding to the
current flowing through the first power switch during the
first power switch on time;

a virtual current sense circuit configured to monitor a cur-
rent flowing through the second power switch during a
second power switch on time, wherein the virtual current
sense circuit 1s configured to provide a virtual current
sense signal that 1s related to the current flowing through
the second power switch during the second power switch
on time;

a sense capacitor coupled to the real current sense circuit
and the virtual current sense circuit to receive the real
current sense signal during the first power switch on time
and the virtual current sense signal during the second
power switch on time, and to provide a current sense
signal based thereon;

a controller coupled to the sense capacitor to receive the
current sense signal, and to provide a control signal
based on the recerved current sense signal; and

a driver coupled to the controller to receive the control
signal, and to provide a driving signal to the power stage
based on the recerved control signal; wherein

the real current sense circuit 1s further configured to pro-
vide (1) a maximum signal that represents a peak mag-
nitude of the current tlowing through the first power
switch, (2) a mimmmum signal that represents a valley
magnitude of the current flowing through the first power
switch, and (3) an on time signal of the second power
switch to the virtual current sense circuit; and wherein

the virtual current sense circuit 1s further configured to
calculate the virtual current sense signal based on the
maximum signal, the minimum signal, and the on time
signal.

2. The switching mode power supply of claim 1, further

comprising;

a first sense switch coupling the real current sense signal to
the sense capacitor during the first power switch on time;
and

a second sense switch coupling the virtual current sense
signal to the sense capacitor during the second power
switch on time.

3. The switching mode power supply of claim 1, turther
comprising a select switch configured to couple the real cur-
rent sense signal to the sense capacitor during the first power
switch on time, and to couple the virtual current sense signal
to the sense capacitor during the second power switch on
time.

4. The switching mode power supply of claim 1, wherein
the virtual current sense circuit comprises a current source.

5. The switching mode power supply of claim 4, further
comprising a resistor configured to set an output current of the
current source.

6. The switching mode power supply of claim 1, wherein
the controller 1s configured to execute an adaptive voltage
position control technique to generate the control signal.

7. The switching mode power supply of claim 1, wherein
the controller 1s configured to execute an over current protec-
tion control technique to generate the control signal.

8. A switching mode power supply, comprising:

a power stage comprising a {irst power switch and a second

power switch;

means for providing a real current sense signal that repre-
sents a current flowing through the first power switch
during a first power switch on time;

means for providing a virtual current sense signal that
represents a current flowing through the second power
switch during a second power switch on time;
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means for providing a current sense signal based on the real
current sense signal and the virtual current sense signal;

means for providing a control signal based on the current
sense signal; and

means for providing a driving signal to the power stage

based on the control signal; and wherein

the means for providing the current sense signal recerves

the real current sense signal during the first power switch
on time and the virtual current sense signal during the
second power switch on time; wherein

the means for providing the real current sense signal

includes means for providing (1) a maximal signal that
represents a peak magnitude of the current flowing
through the first power switch, (2) a minimum signal that
represents a valley magnitude of the current flowing
through the first power switch, and (3) an on time signal
of the second power switch to the virtual current sense
signal; and wherein

the means for providing the virtual current sense signal

includes means for providing the virtual current sense
signal based on the maximum signal, the minimum sig-
nal, and the on time signal.

9. The switching mode power supply of claim 8, further
comprising means for selectively coupling the real current
sense signal to a sense capacitor during the first power switch
on time, and selectively coupling the virtual current sense
signal to the sense capacitor during the second power switch
on time.

10. The switching mode power supply of claim 8, wherein
the virtual current sense signal comprises a current source.

11. The switching mode power supply of claim 10, further
comprising means for setting a current value of the current
source.

12. The switching mode power supply of claim 8, wherein
the means for providing the control signal executes an adap-
tive voltage position control technique to generate the control
signal.
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13. The switching mode power supply of claim 8, wherein
the means for providing the control signal executes an over
current protection control technique to generate the control

signal.

14. A method used 1n a switching mode power supply that
comprises a power stage including a first power switch and a
second power switch coupled in series, the method compris-
ng:

providing a real current sense signal that represents a cur-

rent tlowing through the first power switch during a first
power switch on time;

providing (1) a maximum signal that represents a peak

magnitude of the current tlowing through the first power
switch, (2) a mimmimum signal that represents the valley
magnitude of the current flowing through the first power
switch, and (3) an on time signal of the second power
switch;

providing a virtual current sense signal that 1s related to a

current flowing through the second power switch during
a second power switch on time, wherein providing the
virtual current sense signal includes calculating the vir-
tual current sense signal based on the maximum signal,
the minimum signal and the on time signal;

combining the real current sense signal and the virtual

current sense signal to form a current sense signal; and
providing the current sense signal to a controller to gener-
ate a control signal to the power stage.

15. The method of claim 14, wherein providing the virtual
current sense signal includes setting the virtual current sense
signal by a resistor.

16. The method of claim 14, wherein providing the current
sense signal includes executing an adaptive voltage position
control technique or an over current protection control tech-
nique to generate the control signal.
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